Several successful campaigns on bright β Cephei-type pulsators were completed during the recent years yielding detections of many modes at a sub-millimag level. On the other hand, searches for β Cephei-type stars in massive photometric databases resulted in a multiplication of the number of known members of this group. These discoveries now allow much better statistical investigations of β Cephei stars as a group and a good selection of interesting targets for case studies for asteroseismology.
Introduction
The great successes of global helioseismology in modelling the internal structure of the Sun, in particular its internal rotation (see, e.g., Christensen-Dalsgaard 2002 and references therein) led to a growth of interest in applying seismic methods to pulsating stars. The large problems we encounter in this work, however, are due mainly to the low number of detected modes in comparison with millions of modes observed at the solar surface and the difficulty of their proper identification in terms of the quantum numbers used to describe the geometry of pulsations. Since stellar disks are not yet resolved, the cancellation effects limit the detected modes to spherical degrees of ≤ 4 in photometric data.
From the point of view of asteroseismology, not all types of pulsating stars are equally attractive. Depending on the number of global parameters that define the internal structure of a star, we need to observe a sufficiently large number of modes to constrain these parameters. This explains the advance of asteroseismology in the application to white dwarfs which have rich pulsation spectra consisting of modes that can be relatively easily identified. The observational and theoretical aspects of asteroseismology of different types of pulsating stars across the H-R diagram have been recently reviewed by Kurtz (2006) , Handler (2006) and Michel (2006) . A general conclusion from the above-mentioned reviews is that the application of asteroseismology to β Cephei stars, massive main-sequence pulsators, looks promising. These stars have relatively simple pulsation spectra, albeit not too simple. Typically, several modes, both radial and non-radial, are observed. Next, many β Cephei stars have modes identified and the methods of mode identification developed in the recent years are usually applicable to these stars. Consequently, the sample of β Cephei stars studied in detail by means of asteroseismology grows rapidly. We summarize the results of these studies in the next section. It was possible owing to the joint effort of many groups of observers that cooperate in observing the most interesting targets within multisite campaigns.
Presently, the observational studies of β Cephei stars follow three main approaches:
• Case study of selected targets consisting usually of a photometric and/or spectroscopic observing campaign followed by detailed asteroseismic modelling.
• Searches for new β Cephei stars using mainly massive photometric surveys like OGLE, MACHO or ASAS. • Observations of β Cephei stars in environments that have different chemical abundances, in particular, in Large and Small Magellanic Clouds and different regions of the Galaxy, including the Galactic field and young open clusters.
In the subsequent sections, we will summarize the recent achievements of these three approaches.
Case study of selected targets
The main requirement for successful seismic modelling is the proper mode identification.
Since there are some factors that can help to achieve this, we list them here as they are important in the context of selecting targets for the follow-up study. These helpful factors are the following: (i) the presence of a large number of modes, (ii) the presence of rotational splitting(s), (iii) large amplitudes, (iv) cluster membership. In addition, if a pulsating star is a component of an eclipsing and/or spectroscopic binary, some global parameters can usually be better constrained. For this reason, stars that show a large number of modes, especially such modes which are close in frequency and therefore suspected to be rotationally split, are preferred during the selection of targets for a detailed seismic study. Table 1 lists basic information for four stars that either were the subject of recent asteroseismic studies (V836 Cen, ν Eri) or the asteroseismic study is in progress for them (12 Lac, θ Oph). The schematic frequency spectra of these four stars are shown in Fig. 1 .
More β Cephei stars (δ Cet, β CMa, SY Equ) were observed recently, but they have a smaller number of modes detected or identifications are not available for some modes which means that the information that can be obtained from modelling these stars is rather limited.
A lesson learnt from the first decade of asteroseismology of β Cephei stars is that we still need to study more stars before some general conclusions concerning the interiors of early B-type stars can be drawn. There is some indication of non-rigid rotation (faster in the core) coming from the studies of Dupret et al. (2004) and Pamyatnykh et al. (2004) , but there are still problems in matching frequencies of all modes with a consistent model on the one hand and making them unstable on the other. If we really want to get such information as metallicity, overshooting parameter, mass, age, and rotation in the core from seismic modelling, we really need to have more modes in a single star detected and identified. Fortunately, new observing campaigns were initiated. In particular, three open clusters, NGC 3293 , NGC 6910 and χ Persei (Pigulski et al. 2007 ) were selected as targets in the ongoing campaigns. We already know over 20 β Cephei stars in these clusters. A preliminary analysis of the star WEBDA 18, a member of NGC 6910, already resulted in the detection of seven modes, but we can expect that more will be found in the final analysis. Additional constraints on the global parameters of the cluster members will surely help in their seismic modelling.
Searches in massive photometric surveys
Soon after the publication of the review paper on β Cephei stars by Stankov & Handler (2005) , listing 93 certain members of this group, 19 new β Cephei stars were found by Pigulski (2005) and Handler (2005) in the published photometry of the All Sky Automated Survey (ASAS, Pojmański 2001) . The main goal of this survey is to monitor the whole sky for variability. About 70% of the sky south of declination +28 o is already monitored. The observations cover stars in the magnitude range between 7 and 14 mag in V. In a series of papers (Pojmański et al. 2005 and references therein), a catalogue of about 50 000 variable stars was published. All but two of these 19 new stars have semi-amplitudes larger than 35 mmag which is a rather large value for β Cephei stars. This was the consequence of using the dispersion vs. magnitude diagram for the selection of stars in the catalogue. On the other hand, the detection threshold in Fourier spectra for the brightest observed stars amounted to about 3-5 mmag. It became obvious that a large number of β Cephei stars could be discovered once the whole database of over 10 7 stars observed within the ASAS survey will be analysed by means of Fourier analysis.
In the first step, we decided to select O and B stars from the existing catalogues and then analyse their ASAS photometry. The best way to select OB stars (and distinguish them from δ Scuti stars which partly overlap with β Cephei stars in period) is to use their spectral types and/or UBV photometry. A very homogeneous catalogue of spectral types for bright southern objects is the Michigan Spectral Survey catalogue published by N. Houk and her collaborators in five volumes (Houk & Swift 1999 and references therein) . The catalogue provides MK spectral types for stars with HD numbers south of declination +5 o . About 4,000 OB stars were selected from this catalogue. The sample is homogeneous and magnitude-limited. As a result of the analysis of the ASAS V-filter photometry of this sample, we found 102 new β Cephei stars (Pigulski & Pojmański, in preparation) .
A second sample of about 11,000 OB stars was selected from over 200 other catalogues. The analysis of this sample is underway; a preliminary check of the results indicates that we can expect to find another 100-150 new β Cephei stars.
This finding triples the number of known β Cephei stars and shows the potential of all-sky surveys like ASAS in studying all types of variable stars. Figure 2 shows the amplitudes of the main modes for the 220 β Cephei stars that are currently known of which more than half were found using ASAS photometry. As mentioned above, this number will soon increase to over 300, once the analysis of the second sample of the ASAS data will be completed.
It is also obvious that in the sample of 102 newly-discovered β Cephei stars we will find excellent targets for follow-up asteroseismic studies, as all these stars are bright; with a few exceptions, they fall in the range between 8 and 10 mag in V. Going back to the discussion on the selection of objects suitable for asteroseismology, we have in this sample:
• Seven stars with modes equidistant (or almost equidistant) in frequency, presumably due to rotational splitting. In two stars, quadruplets, and in the other five stars, triplets were detected. As far as we are aware, these are the first β Cephei stars in which quadruplets are seen. This leads to the suspicion that we observe rotationally split = 2 mode in which one component was not detected. Since the detection threshold for these stars in the ASAS data is still high (3-5 mmag), follow-up campaigns should easily reveal more modes.
• Many stars with large amplitudes. As can be seen from Fig. 2 , over 20 stars discovered with ASAS have semi-amplitudes of the main mode larger than 30 mmag. These are mostly the stars discovered by Pigulski (2005) and Handler (2005) , but in the discussed sample, another large-amplitude star, HD 173006, was found.
• Many stars belonging to open clusters and OB associations. Although the ASAS photometry is not suitable for finding variable stars in clusters owing to its poor spatial resolution, we find some variables in some loose open clusters and in the outer regions of denser ones.
• Four stars that are presumably the primary components of eclipsing binaries. Two, maybe three, are suspected to be double-lined spectroscopic binaries which will allow to derive their stellar parameters directly. ASAS is not the only survey in which β Cephei stars can be found. Narwid et al. (2006) found over 200 short-period variable stars in the OGLE-II photometry of Galactic fields. Without any doubts, many of them are β Cephei stars. With the available photometry, however, they cannot be presently distinguished from δ Scuti stars. The new UBV photometry we are going to carry out for these stars will surely solve the problem. This will enable us to compare the pulsational properties of the β Cephei stars located at larger distances and closer to the Galactic centre than the ASAS sample. The former stars are suspected to have higher metallicities than the latter which makes the comparison very attractive.
Metallicity and pulsations of β Cephei stars
The previous sentence brings us to the problem of the dependence of the pulsations of β Cephei stars on metallicity, predicted by theory. This dependence was already confirmed from the observations of Galactic open clusters (Pigulski et al. 2002) , but later supported by the searches for β Cephei stars in the Magellanic Clouds using the OGLE-II data (Ko laczkowski et al. 2004 . The Magellanic Clouds have much smaller overall metallicities than our Galaxy and indeed the incidence of β Cephei stars drops rapidly when going from our Galaxy to the Large (LMC) and then Small Magellanic Cloud. The study of these stars goes now to the spectroscopic work which should allow to establish observationally the lower limit of metallicity for the pulsations of β Cephei stars.
Conclusions
Summarizing, there is indeed a rapid growth of the number of excellent data for β Cephei stars that will allow statistical studies of these stars as a group. For example, there is a striking difference between the largest amplitudes of modes in β Cephei stars located in the solar neighbourhood and those in the LMC (Ko laczkowski 2004). While for Galactic β Cephei stars the semi-amplitudes reach 0.1 mag in V (Fig. 2) , for all but two stars in the LMC they are smaller than 0.02 mag in I which translates into less than 0.03 mag in V. This may bring some clues for the long-standing problems of mode selection and amplitude limitation. Fortunately, some non-linear theoretical studies of β Cephei stars have been recently undertaken (see Smolec & Moskalik 2007) . This and the growing number of asteroseismic studies can soon result not only in a better understanding of β Cephei stars, but also in knowledge of the interiors of early B-type stars and pulsations in general.
